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Abstract
This short note brieﬂy surveys the renewed connection between computer science and life science. The
paradigm shift recently observed in biology implies a new approach to bioinformatics as well. We claim that
a shift from algorithms to language theory is the right step to do. In particular, due to the characteristics
of biological systems, we argue that process calculi could be the right abstraction to support dynamic
bioinformatics and open new scenarios in the computer science and biology research.
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Advances in technology development made possible the construction of high-
throughput tools and their application to the realm of life. The consequence is
that a huge amount of data is produced faster and faster and mechanical devices
are needed simply to store the results of the new experiments. Furthermore the
conclusion of the human genome project are unrevealed the basic bricks of life in
their structure and position within DNA.
The computer science support to life scientists in this revolutionary enhance-
ment of biology was essential to make them handle the information that they was
able to produce. In particular, data base theory to store information, data mining
techniques to examine sets of data, visualization tools to make data correlations
comprehensible. However the most relevant part of this support, usually included
in the bioinformatics keyword, was the algorithms over strings that allowed the
sequenzing and comparison of genomes.
The computing power and the eﬃciency of algorithms is not however the key
issue in the recent successes of biology research. The main ingredient is instead
the abstraction identiﬁed to represent DNA: a language over an alphabet made up
of four characters. As it has always been in the past the main breakthroughs in
science have been possible after the identiﬁcation of right abstractions for complex
real phenomena.
In the meantime, biology is observing a paradigm shift from the classical reduc-
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tionist approach to a systemic view of the living systems. In particular, the focus
is mainly moved from the structure to the functions of the constituents of biologi-
cal systems. Hence, life scientists needs new abstraction to model and analyse the
dynamic evolution in time and space of the systems in hand. In diﬀerent words,
they need a behavioural theory of biological systems. Many approaches are under
investigation in the new systems biology approach [5] where the notion of network
of interacting components is taking a primary role.
The basic approach to systems biology is described by the following steps
(i) Build a model of the biological system in hand,
(ii) perform high-throughput experiments to test the model,
(iii) tune/validate the model through the feedback loop.
Since computer science is an experimental science, we can devise the following
step
(i) Build a model of a computer system (SW or HW),
(ii) Implement and test it,
(iii) tune/validate the model or the implementation according to the feedback.
In both approaches above the ﬁrst item corresponds to the generation of hy-
potheses, the second to testing of the hypotheses through experiments and the last
to tuning and validation of the process through modiﬁcation of the model or of the
experiments. In a provoking way, we could say that systems biology is computer
science in the applicative domain of life science.
In order to ﬁnd the right abstraction for systems biology we need ﬁrst identify
the main characteristics of the biological systems under investigation. By examining
some literature on systems biology it appears that everyone agree that the relevant
systems are made up of bio-components
interpreted as information and computational devices,
having millions of simultaneous computational threads active (e.g., metabolic
networks, gene regulatory networks, signaling pathways),
such that components interaction changes the future behavior of the overall sys-
tem,
and such that interactions occur only if components are correctly located (e.g.,
they are close enough or they are not divided by membranes).
The description above immediately resembles the one of distributed and mo-
bile systems and hence we look at formalisms developed to study these computer
science systems and we check whether they can be applied to biological systems
as well. In particular we consider process calculi for mobility (e.g., [7,2,16] as the
main modeling, simulation and analysis tool. The main idea is that passing from
structures to functions in biology can be matched by a transition from syntax (the
DNA abstraction) to semantics (the behaviour) in computer science (see Fig. 1).
According to the intuition above, the basic abstraction mechanisms are as follows
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Fig. 1. From structure to functions in biology is matched by a transition from syntax to semantics in
computer science.
assuming to work at a molecular level.
Molecule are abstracted as processes;
the aﬃnity of interaction between molecules is modeled through the existence of
shared channel between the processes representing the molecules;
the actual interaction between molecules is represented by communication;
the modiﬁcation of the behaviour of the biological system following an interaction
is rendered by the change of the processes/channels state.
Since the temporal/spatial evolution of biological systems is mainly driven by
quantities representing chemical and physical parameters, we need to pass from a
qualitative description of systems to a quantitative one. The tool we adopt for this
scale up of models is stochastic process calculi [9,10].
Intensive research has been performed to include performance evaluation and
prediction in process calculi model that produced clean models supported by a set of
high quality software tools. Furthermore, the introduction of stochastic information
in the calculi unlocked the world of simulation. Indeed, it is enough to equip the
calculi with a stochastic (rather than deterministic) run-time support to make the
execution of a program a simulation.
Some simulators have been developed especially to be applied in the biological
domain implementing a variant of the stochastic π-calculus [13,8]. They essentially
select the enabled action to be performed according to the Gillespie algorithm de-
veloped to simulate chemical reactions [3,4].
Preliminary results in this ﬁeld have been obtained in modeling a set of inter-
esting biological systems and some analysis and simulation have been carried out
[14,15,6]. However the strategy adopted up to now was to apply calculi deﬁned
with computer systems in mind to biology. We are now trying the opposite strat-
egy. We are deﬁning calculi inspired by biology so that they are better suited to
modeling, analysing and simulating living systems (examples are [11,12,1]. Then
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we will apply the new family of calculi to computer systems to see whether the
bio-mimetic approach can further inspire and enhance our comprehension of how
computer artiﬁcial systems can be modeled, designed and implemeted.
References
[1] L. Cardelli. Brane Calculi. In CMSB ’04, volume 3082 of LNBI. Springer, 2005.
[2] L. Cardelli and A. D. Gordon. Mobile ambients. In Foundations of Software Science and Computation
Structures: First International Conference, FOSSACS ’98. Springer-Verlag, Berlin Germany, 1998.
[3] D.T. Gillespie. A general method for numerically simulating the stochastic time evolution of coupled
chemical species. Journal of Computational Physic, 22:403–434, 1976.
[4] D.T. Gillespie. Exact stochastic simulation of coupled chemical reactions. Journal of Physical
Chemistry, 81(25):2340–2361, 1977.
[5] H. Kitano. Foundations of System Biology. MIT Press, 2002.
[6] P. Lecca, C. Priami, P. Quaglia, B. Rossi, C. Laudanna, and G. Costantin. Language modeling and
simulation of autoreactive lymphocytes recruitment in inﬂamed brain vessels. 2003. To appear in
SIMULATION: Transactions of The Society for Modeling and Simulation International.
[7] R. Milner. Communicating and mobile systems: the π-calculus. Cambridge Universtity Press, 1999.
[8] A. Phillips and L. Cardelli. A correct abstract machine for the stochastic pi-calculus. In BioConcur ’04,
ENTCS. Elsevier, to appear.
[9] C. Priami. Stochastic π-calculus. The Computer Journal, 38(6):578–589, 1995.
[10] C. Priami. Language-based performance prediction for distributed and mobile systems. Information
and Computation, 175, 2002.
[11] C. Priami and P. Quaglia. Beta binders for biological interactions. In CMSB ’04, volume 3082 of LNBI.
Springer, 2005.
[12] C. Priami and P. Quaglia. Operational patterns in beta-binders. In Transactions on Computational
Systems Biology, volume 3380 of LNCS. Springer, 2005.
[13] C. Priami, A. Regev, W. Silverman, and E. Shapiro. Application of a stochastic name-passing calculus
to representation and simulation of molecular processes. Information Processing Letters, 80(1):25–31,
2001.
[14] A. Regev. Representation and simulation of molecular pathways in the stochastic π-calculus. In
Proceedings of the 2nd workshop on Computation of Biochemical Pathways and Genetic Networks,
2001.
[15] A. Regev, W. Silverman, and E. Shapiro. Representing biomolecular processes with computer process
algebra: π-calculus programs of signal transduction pathways. In American Association for Artiﬁcial
Intelligence Pubblication, 2000.
[16] D. Sangiorgi and D. Walker. The π-calculus: a Theory of Mobile Processes. Cambridge Universtity
Press, 2001.
C. Priami / Electronic Notes in Theoretical Computer Science 162 (2006) 301–304304
